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ABSTRACT, The MSAS Data Monitor iS a generic software product that represents the
next-gencration in real-time data monitoring and analysis tools. It goes beyond conventional
text-based displays by representing data in aunique graphical form, conveying system status
through the shape, color, motion, and position of graphical objects floating in athree -
dimensional cyberspace environment. It is ideal for monitoring high volumes of data, for
viewing results in easily configurable displays, and for providing both high-level and detailed
views into a constellation of monitored satellites. The Data Monitor offers a great
improvement over conventional graphicand text-btised displays, not only because it
dramatically increases the amountof datathat asingle person can absorb in limited time, but
also because it can be completely installed and configured without any software development
by the end-user. The system also provides innovation in alarm detection, reporting of both
traditional limit-based alarms and alarms triggered by automated analysis of data.

The Data Monitor is the cornerstone of a suite of monitoring and analysis tools. 1[ provides a
new approach to data monitoring and visualization through a triad of interrelated
functionalitics:

. the three-di mensional CyberGrid enables the user to obtain a comprehengive,
qualitative synopsis of all the satellites in a constellation;

. the Data Explorer organizes data and displaysina meaningful, easily
comprehended hierarchy; and

. the Data Windows provide detailed, quantitative insight into specific monitored
data.

Notification of alarm conditions is a primary function of any monitoring system. MSAS
detects several typess of alarmsand provides a notification scheme that is tightly integrated
with the visualization capabilitics. Alarms are propagated through the data hierarchy created
with the Data Fxplorer, ate indicated in the CyberGrid and in the Data Windows, and are
conveniently logged and summarized on a central alarm page. This paper describes some of
the details and benefits of the MSAS monitoring and analysis suite, with primary focus on the
Data Monitor.




1. EASY DISPLAY C O NFIGURATION AND D ATANAVIGATION
WI'TH THEDATAEXPLORER

The Data Explorer is used to organize data into an easily perusable arrangement of displays
that accommodate thousands of monitored parameters. The displays arc specified as data
hierarchy that canbc flator deep, depending 011 individual or team preferences. The Data
Fxplorer is used to specify, modify, access, and navigate through a hierarchy andto sclect
from the various available views of the data.

The Data Explorer relieson a “file-folder” paradigm for the specification of data
collections. Menu options allow the user to create, name, modify, and delete folders. Once a
folder is created, additional lower-level folders canbeincluded within that folder to further
sub-categorize the data. At the lowest levelof the hicrarchy, the data assigned to each folder
must be allocated to data window’s such as plots, tables, schematics, gadgets (dials, gauges ete. ),
or flee-forlll reports. Data windows canalso be inserted at higher levels in the hierarchy. The
assignmentof individual parameters (0 data windows is also done with the Data Explorer.

1 ctus look at the Data Explorer, shownin Figure 1, The left side of the window shows the
existing hierarchy. When beginning for the first time, the root folder (at the. highest tevel) is
named “Root”. The rootfolder corresponds to the system (or constellation of satellites)
being monitored. 1 ,owcr-level folders categorize data according to individual or team
preferences. Typically the second-level folders correspond to individual satellites, with
subsystems or other data groupings as optionatlower levels. Yolders canbe Opened or closed,
hiding or showing other folders or data windows that have been specified within, at lower
levels of the hierarchy.

[ Data Explorer
@§Sillif~—~—lloot Folder Name of Folder Hardwrare
...F,'t! iSlthlehS cRcaG -
[=1=1= ol
& N\CS} g RWA } RCS
e Contents . '
Click 10 ﬂwanwm!\l!argj of Foldey e
open or dose S‘Uﬁ_u_;m SSA SRU
Color Y mp}{‘ﬁ‘?m ;cun denotess ;
denotes \ Cp | type of (Tick to display Data Window
active Thenm a]! Data Window
alaam i debiin £
.gj i~ o { v -

Figure 1. The Data Explorer, with annotations regarding functionality.

The right side of the Data Hxplorer window shows the collection of data windows that have
been specified for the folder that is mouse-selected 011 the left side of the window. Icons arc
used to identify the type of data window. The file and window options onthe menu bar
provide the interface for creating, modifying, and deleting folders and data windows.




2. COMPREHENSIVE SYNOPTIC VISUALIZATION
WITH THE CYBERGRID

The CyberGrid conveys massive quantities of information using the comb ination of color,
shape, motion, and position as anovel alternative to the conventional text-based approach.
Thousands of data parameters from multiple satellites canbe easily accommodated on a
single intuitive display, providing an effective and complete high-level synopsis, Alarm states
are qualitatively represented using posit ion and motion in addition to the standard visual
mformation conveyed with color.1.ower-level detailed information is available via point-and-
click with the mouse.

3. CYBERGRID CONFIGURATION WITH THE DATA EXPLLORER

Therc are a variety of strategies for laying out custom configurations of the grid, all
beginning with the specification of row and column groupings. For constellation monitoring,
the tows would typically be labeled with missionnames, and the columns with subsystem
names and/or other subcategorizations of data. A configurationused for a satellite is shownin
Figure 2. A second configuration showninFigure 3 shows a health and status monitories
conceptdeveloped for airport radars and other instruments. In single mission display, the
CyberGrid rows correspond to spacecraft subsystems or operations teams and the columns to
sub-groupings within the subsystems.
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Figure 2. The CyberGrid configured for a satellite constellation.
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Figure 3. CyberGrid configuration for monitoring the health and status of airport
maintenance equipment.

The Data 1 ixplorer provides the means to configure t h e grid layout and to assign data
parameters to the various groupings thatare specified. The top level of folders specified in
the 1 Jata Explorer correspond to the row labels of the g1 id. The next level of folders
corresponds to the column headings. The data parameters contained at various levels below
the. column-heading folder are represented graphically within the CyberGrid square that is
uniquely identified by its row and columnnames. Fach of the data parameters will appear in
the grid square as a geometric object (square, triangle or diamond, depending on the type of
parameter). The objects will change color and position to indicate. changes in the status of the
monitored system.

4.VISUAL 3-1) REPRESENTATION 01 DATA

T'he visunal representation of a parameter is refericdto as a data object. In the absence of
alarm conditions, data objects will nominally be gray or white in color, indicating the
1espective absence or presence of recent data transimissions associated with a parameter.

The identity of anindividual data object can be obtained with a right mouse-click on the
object, which causes the object to briefly turn green and display its parameter 1) and current
value. Access to all the detailed tabular and graphical data corresponding to any of the grid
squares is obtained with a left mouse-click in the grid square, which produce sall of the data
windows that have been configured for the parameters in that square.




A middle-click ona row-name or grid square removes allnominal data in that row or square
from view; displaying exceptions to nominal operations only. When the display of nominal
data has beenremoved, the grid square is outlined with a blue border as a visual reminder. A
subsequent middle-click causes the nominal data to reappear and simultancously removes the
blue border. Removing (or hiding) the nominal data from view reduces the density of objects
shiow non the display and better foc uses operator attention on those data parameters that are
exhibiting anomalous behavior. hiding the nominal datain each grid Square s
recommended, in order to achievethe increased operational simplicity afforded by
exception-based monitoring.

All the data values associated with all monitored parameters are normalized for display
between the nominal grid and the upper grid. This eliminates the need to know the units and
limit values associated with any monitored parameter in order to make qualitative status
assessments about the. severity of alarms. Normalization is required to accommodate
parameters with widely varying predefinednominalvalues or with different units of mcasure.
For example, the objects of Data Parameter A and Data Parameter B can (and should) lie
within the same grid even tho ugh parameter A’s nominal range is between 2.()()() to 75.500
watts and parameter B has anominalrange between 500" to 600 mini-amps.

5. NAVIGATION AN]) ALTERNATE VIEWS

The CyberGrid allows the user to manipulate the viewpoint of the display. There arc 6
degrees of freedom available inmoving within the CyberGrid environment; the viewpoint
may be translated in 3 dimensions along the X, Y, and 7 axes, and oriented in3 dimensions
(rolled, pitched, andyawed).The CyberGrid offers 10 savable viewpoints. Three of these arc
pre-configured, the remainder are  ust’r-defined,

Mouse button combinations and mouse position de.tcl-mine the type of movement (pan,zoom,
pi tch, yaw, roll).  l.ocation on the screen determines the direction of the move.mcnt. For
example, pressing the same buttonon the upper half of the screen pans the viewpoint up, but
pressing the same button in the lower half pans the viewpoint down. The distance between the
screen center and the cursor determines the speed of the motion. The farther the cursor is
from the center, the faster the viewpoint moves.

6. DETAILED INFORMATION ON DEMAND VIA
VARIOUS TYPES OF 1)ATA WINI YOWS

The Data Monitor currently has SiX types of data windows, including two types of tables,
schematic diagrams, free-forill reports, gadget collections (gauges, thermometers, etc.), and X-
Y plots showing data vs. data or data vs. time. Data Windows are created with menu options
contained in the Data Explorer. Once created, data windows can be modified, reconfigured,
and customized innumerous ways. Collections of data windows can bc saved as retrievable
configurations. Subsequently each of the windows ina configuration can be recalled on the
screen, along with the various customizations to the. windows. Figure 4 shows a small
collection of data windows, including two types of tables, aplot, and a schematic.

All the data windows associated with a given CyberGrid grid square or data parameter can be
simultan eously accessed with a mouse-c]ick in the. square. Alternatively, the data windows can
be individually accessed from the. Data Fxplorer. The user will routinely access data windows
in both ways, as determined by the circumstances surrounding the need for access.

For new Data Monitor users, it is enough to be aware that the various types of data windows
exist andthat they canbe extensively customized. The first stepsinconfiguringa monitoring
systc m should be focused on organizing the data into a complementary hierarchy and grid
allocation. When the operator is satisfied with the high-level organization afforded by these




tools, it will then be time to concentrate on theindividual data windows and customize
detailed views of the data.
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Figure 4. A collection of data windows, including two different types of tables, a plot, and a
schematic.

6.1REP RESENTATION OY Al ,ARMS IN THE CYBERGRID
ANID) THED ATAE XP1T.ORER

After the operator has specified the displays. the Data Monitor is readv to be used for its
ultimate purpose: to monitor the data and notify appropriate individuals of conditions that
require the operator’'s attention.

6.21.1 M]’J VIOI,ATIONS

The first type of alarm that is detected by the Data Monttor is the limitalarm. A limit alarm
will occur when one of the following conditions exits:

- AH analog value falls outside of its predefined nominal range,
. The bit state of a status (discrete) data parameter does not correspond
to a predefined state, or




e The counter value of an ASCH data parameter does not correspond to
the expected value.

The Data Monitor detects and notifies analysts of three levels of limit violation alarms. From
least to most severe, these are the advisory, warning, and critical alarm levels. When Data
Monitor detects limit alarm violations associated with any of (he monitored data parameters,
the corresponding data objects in the CyberGrid will change from white to blue, yellow, or
red to indicate advisory, warning, or critical alarms respectively.

6.3 REAL-TIME TRENID ANAL.YSIS

Inaddition to the standard limit alarms, MSAS offers two different algorithms for detecting
trend alarms. One. is based on the rate at which a parameter value changes over time: if the
rate of change of a parameter exceeds some predefined limit over a specified period of time,
then the parameter triggers atrend alarm. The other algorithm is based on the continual
increase or decrease of a parameter value over a given period of time: if the valucof a
parameter IS constantly increasing or decreasing during a user-specified time interval, thena
trend alarm will occeur.,

Inbothof these Cases, the graphical object associated with the parameter will spin for a less
severe or watning-level trend alarm. For more severe or critical trend alarms, the object will
flash. If the object is already in @ limit-based alarm state, then the color of the objectremains
the same as for the existing limit alarm. Otherwise, the object turns from white to brown. This
usc of color, spinning, and flashing allows the unambiguous display of all possible
combinations of limit and trend alarms.

6.4VISUAL, INDICA'T'1I0N OF Al ARMSTATUS ANI) SEVERITY

Simultancous with the color and motion changes, objectsinalarm rise above the white grid to
aheight proportional to the severity of the alarm. The upper grid indicates the most severe
condition isrelevant for a given parameter, typically associated with the pointbeyond which
irreversible damage has occurred. The heig ht of the objects between the two grids is based on
normalization of each data parameter between the center of its nominal range and the final
alarm ceiling. When the. data parameter object value exceeds the flight approved error limit,
the object remains red and rises on its pole to the level of the green ceiling. The
corresponding square in the upper grid will then turn from green to red.

The Alarms column is the first columninthe grid and is the only column that is notspecified
by the user in the Data Explorer. This column provides a visual representation of the overall
alarm status. Analterr ate. view is provided by a tabular alarm page, that canbe accessed from
the main window of the Data Monitor or by clicking on a data objectin the Alarms column.

These views are related. When the user acknowledge.s the alarmsinthe Data Monitor Main
Window, the objects in the Alarms column of the. CyberGridare deleted. When a channel goes
out of alarm before it is acknowledged, the. data object in the Alarms column will turn white.
It will remain inthe alarm’s column until the next acknowledgm ent. This scheme enables
operators and analysts to be away from the monitoring system, and to be immediately
in formed of all new alarms upon return. A simple acknowledgment of alarm status prior to
departur e clears the CyberGrid Alarms column; subsequently occurring alarms will be
collected in the Alarms columnuntil the next acknowledgment.

Alarm information is also propagated through the hierarchy in the dataexplorer. A data
window containing a parameter in alarm will turn blue, yellow, or red depending on the



severity of the alarm. Eachfolder above that data window in the hierarchy will also turnthe
colorof the alarm. Where multiple parameters inasingle pathinthe hierarchy arein alarm,
the color corresponding to the most severe alarm dominates. Thus, no matter what the current
view inthe data explorer and regardless of which folders are openand which folders are
closed, alarm in formation is communicated unambiguously and ina way that cannot be
over |ooked.

7. OTHER “I’0O01, SINTHEEMSAS AP PLICATION SUITE:

MSAS consists of asuite of applications thatsupport configuration of a total monitoring
system. The Data Access module provides the interface to the actual data. Data A'ccess 1s
controlled via the Data Monitor. The Data Editor application displays, filters, and (when
necessary) enables data files to be edited. Data can be accessed and saved in files using the
Data Access module and then loaded into the Data Monitor for anon real-time session asan
Ifter-the-fact quick analysis alternative to constantmonitoring in real-time.

The Alarm Limit Editor is used to specify, view, and/or editalarm limits, The Data Dictionary
Editor is used for specifying and viewing channel definitions that are relevantin a given
monitoring scenario. Use of the Alarm Limit Editor and the Data Dictionary Hditor as actual
editors canbe restricted to authorized individuals only.

The Task Scheduler providesameans for scheduling automated data accessand for piping
retrieve.d datato the Data Monitor for automated detection andnotification of alarms, or for
scheduling automated analysis or report egeneration.

s. SUM MARY

The MSAS datarepresentation has been designed to eliminate the need for analysts to read
te xt for the purpose of obtaining complete status information. The system enables an intuitive
understanding of spacecraft health that goes wellbeyond the knowledge that “nothing is
currently in alarm. ” Such a representation has a number of advantages:

. significant cost savings in hard ware, maintenance, training, and personnel are
achievable.

software development is no longer required as an esse ntial Step in configuring or
maintaining a highly effective monitoring system

analysts become aware of problem situations before actual alarms  occur without
needing to manually assess collected trend data

greater information is provided in considerably less screen real-estate

operations differences between non-identical spacecraft are ultimately mini mized
through data abstraction

since the human brainhas developed ahighdegree of skill at recognizing spatial
patterns, complex data relationships are more readily apparentin a visual-spatial
display as opposed to a text display



